The renewable energy target in the European Union (EU) overall mix has been established at 20% by 2020. In addition, as a substitute for transportation fuels, the EU has set a minimum target of 10% biofuels use by 2020. Moreover, in developing countries bioenergy accounts for about 22% of the primary energy supply and around 10% of the global energy demand.
When thinking about the possible raw materials for safe bioenergy production, as well as supply chains at industrial scale, residual woody biomass seems to be among the most attractive renewable sources. In fact, it may play a very important role in the near future as a partial substitute for fossil fuels in the global energy matrix; it can be either converted directly into heat and electricity or transformed into solid, liquid and gaseous fuels by means of thermal processes such as pyrolysis and gasification. Moreover, it can be considered as a carbon-neutral fuel compared to fossil fuels because the emitted carbon dioxide during its combustion can be considered as part of the global carbon cycle. Increasing the fraction of biomass in the energy matrix will contribute to diminish the negative environmental impact of atmospheric CO 2 accumulation and to meet the targets established in the Kyoto Protocol.
The direct use of residual biomass as fuel must overcome several challenges, mainly associated with its large bulk volume, low energy density, high moisture content, and vulnerability to biological decomposition that might affect its quality. Furthermore, the need to grind biomass to fuel-sized particles and the relatively low density of this material make it an expensive fuel to produce and transport. In fact, recent life cycle analyses of the use of biomass as an alternative source of energy have shown that a distance of less than 30 km generates the lowest impact on climate change, when the residual biomass was transported without any pre-treatment. However, cost analyses are favourable in such a scenario only for transport distances of less than 12 km.
There are nowadays several novel approaches that deal with and overcome these difficulties. Among them, the most popular are the production of densified pellets (a mature technology that has already reached industrial scale) and thermal processing, including pyrolysis and torrefaction. The principal product of a pyrolysis process is biochar, a high-energy-density material that can be used not only as a solid fuel but also in catalytic adsorption as well as soil remediation and carbon sequestration processes. In addition, low-temperature pyrolysis of residual woody biomass produces bio-oil and synthesis gas as by-products, and these can also be used as renewable and versatile biofuels.
There are normally three main zones in biomass thermal weight loss curves: Hemicellulose, the most reactive component, decomposes at 225-325 °C, cellulose decomposes between 305 and 375 °C and lignin decomposes gradually in a broad range, typically 250-500 °C. Thermal treatment in the relatively low temperature range (225-300 °C), is known as torrefaction; apart from dewatering, it involves therefore primarily hemicellulose decomposition.
Torrefaction of residual woody biomass produces a relatively homogeneous solid with low moisture content and high energy density. It is an attractive renewable fuel as well as an interesting raw material for gasification and/or co-combustion processes. Apart from its higher energy density and hydrophobic nature, torrefied biomass typically contains 70% of its original mass and 90% of the energy content, and its grindability is improved. Because biomass loses relatively more oxygen and hydrogen in comparison with carbon, the calorific value of the product increases. The moisture uptake of torrefied biomass is very limited, varying from 1 to 6%, despite its relatively high surface area. Moreover, its increasing non-polarity and incipient development of polycondensed aromatic structures promotes safe storage conditions that are essentially immune to biological attack at the biomass particle surface. Development of porosity in torrefied biomass results in volumetric densities in the range of 180 to 300 kg/m 3 , depending on the processing conditions; transport thus becomes more cost-effective in comparison with fresh woody biomass. Moreover, as the icing on the cake, torrefaction alters the mechanical strength of the biomass: its grindability becomes closer to that of coal, which it is destined to replace as the world evolves toward sustainable energy sources, especially for electricity generation.
As promising as all this sounds, torrefaction technology is not yet commercially available: pilot plant processes have shown that the heat exchange area may be a limiting factor, as well as input biomass moisture content. Extensive scientific and technological experience with low-temperature pyrolysis of low-rank coals should be helpful in avoiding some of these pitfalls. Until then, as a blogger on www.raw-torrefactiontechnology.blogspot. com has recently written, 'the much promised and highly touted arrival of torrefaction [will] escape us again'.
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